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Condition for the stable operation (before the 

positive feedback loop becomes dominant): 
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Scope of Work 

Explore functionality and performance of the bidirectional three-phase 

ac-dc microgrid-interface converter for the medium/high voltage 

applications, through the functional average modeling. 

Reducing the WECC system 

and adding power converters 
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Bode Diagram

Frequency  (Hz)

Equivalent output impedance of the 

reduced WECC system – Zg_ekv  

Increasing output 

 impedance (adding Zadd ) 

PLL-caused Instability 
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Renewable Sources PLL output  

Energy Storage PLL output 

~ 2 Hz 

120 Hz 

Moment when load (WECC) 

 output impedance increases 

PLL Model with Grid Impedance 

AFE starts 
~ 2 Hz oscillations 
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Experimental verification 


